Aim The mid-term appearance of the filtering bleb and surgical outcome following tunneltrabeculectomy, in which protective measures were carried out to avoid contact between the mitomycin C (MMC) and the conjunctival flap, are presented. Methods In a retrospective study the records of 20 consecutive patients who had undergone tunnel-trabeculectomy Z24 months earlier, using fornix-based conjunctival flap and MMC (0.4 mg/ml) application were evaluated. Inclusion criteria were patients in whom: (I) the MMC-socked sponge was applied without contact with the conjunctival flap; (II) during MMC washout, a second Weck cell sponge was held anterior to the conjunctival flap, to protect the flap from mitomycin contact during its back-flow. Excluded were five patients who either did not complete 24 months of follow-up (n ¼ 4) or underwent an intraocular surgery during that period (n ¼ 1). Results After 24-32 (26.972.2) months, the filtering bleb was completely vascularized and thick in 13/15 patients (86.7%), mostly vascularized with some para-limbal thick cysts in one and avascular and cystic in another. Mean intraocular pressure (IOP) dropped from a preoperative level of 25.377.0 mmHg with 3.570.9 hypotensive medications to 13.972.9 mmHg with 0.971.1 medications (Po0.0001, Wilcoxon test). Of the five excluded patients, the IOP ranged between 10 and 16 mmHg with 0-1 medications at the last examination, 1-15 months postoperatively. Conclusion In this pilot study, an intraoperative protection of the conjunctival flap from mitomycin contact was mostly associated with a vascularized and thick filtering bleb after mid-term follow-up.
Introduction
Thin, elevated, or cystic blebs appear more frequently following standard trabeculectomy with intraoperative mitomycin C (MMC) application than without the use of antifibrosis agents. [1] [2] [3] [4] [5] Such filtering blebs are at risk of late postoperative leakage, blebitis, and intraocular infection. [1] [2] [3] [4] [5] [6] [7] [8] [9] [10] [11] DeBry et al 2 report that the incidence of a bleb leak or an infection after trabeculectomy with MMC continues at a fairly constant rate over time, 4.4% per patient-year. Parrish and Minckler 12 state that the incidence of late-onset endophthalmitis following intraoperative MMC application is increasing over time ('time-bomb').
Thin, elevated, cystic filtering blebs following trabeculectomy with MMC are typically avascular. 4, 8, 10 In this regard, Smith et al 13 demonstrated that MMC could irreversibly damage the vascular endothelium. Hu et al 3 report that the larger the avascular bleb area the more likely the bleb leaks, while Matsuo et al 7 and associates found that avascular area was significantly more frequent in eyes with leak or oozing than in eyes without.
Regarding the site of MMC application, in a controlled study using sclerocorneal tunneltrabeculectomy with scleral radial incisions, MMC-sponge (0.4 mg/ml) was applied for 5-min underneath and in contact with the conjunctival flap. 11 Cystic blebs appeared during 3-years follow-up in 90% (18/20!) of eyes when a limbal-based conjunctival flap was performed, and in 29% (5/17) of eyes following fornix-based flap. The limbal-based cases have been associated with 20% incidence of bleb infections. The sclerocorneal tunnel approach, a modifications of Cairns trabeculectomy, 14 gained popularity in recent years and several reports and modifications of it were reported. 11, [15] [16] [17] [18] [19] [20] In the present study, protective measures were taken during fornix-based-flap tunnel-trabeculectomy (3-mm width), 15 to prevent the internal wall of the flap from MMC touch both at time of its application and washout. As far as we are aware, based on Med-Line search, this has not previously reported. The surgical outcome and appearance of the filtering bleb Z24 months post-surgery are presented.
Materials and methods
In a retrospective, interventional case series, the records of 20 consecutive patients who had undergone filtration surgery using fornix-based conjunctival flap and a 3-mm sclerocorneal tunnel approach with MMC (0.4 mg/ml) Z24 months earlier were evaluated. Inclusion criteria for this study were: (I) consecutive patients who had undergone the filtration surgery in a superior quadrant with MMC application, without MMC-conjunctival touch; (II) patients in whom an intraoperative protection of the internal wall of the flap from MMC touch during MMC washout was carried out. Exclusion criteria were: (I) patients who did not complete at least 24 months of follow-up; (II) patients that had undergone additional ocular surgery during the follow-up period. The study was in adherence to the tenets of the Declaration of Helsinki. Informed consent was obtained from all patients.
A detailed preoperative evaluation, which included applanation tonometry, gonioscopy, and examination of the optic nerve head were carried out on each patient. The Humphrey Field Analyzer (Carl Zeiss Meditec, Dublin, CA, USA) was used for the visual field examination. Main outcome measures include the clinical morphology of the filtering bleb and its vascularization, and the surgical outcome. Hypotensive medications were prescribed according to the required target pressure. Complete surgical success was defined when last intraocular pressure (IOP) was r20 mmHg without hypotensive medication and at least 20% IOP reduction; qualified success was defined as last IOP r20 mmHg with hypotensive medication and surgical failure was defined when IOP was 420 mmHg with maximum tolerable medications. Bleb morphology was classified for its height, extent, vascularity, and Seidel testing, as previously described. 21 In addition, classification was made for the thickness of the bleb wall, whether it was transparent (the bleb content and underlying sclera could be seen) or opaque.
Surgical technique
The scleral tunnel trabeculectomy using a 3-mm sclerostomy ('mini-trabeculectomy'), has been previously described in detail. 15 Briefly, the surgical procedure consists of a 3-mm fornix-based conjunctival flap. A Weck cell sponge, soaked with 0.4 mg/ml MMC was applied on both the scleral wound and the distal exposed bare sclera for 2 (in first-time surgery cases) or 3 min (in eyes with high-risk of postoperative scarring). The flap of conjunctiva-Tenon's capsule was pushed posteriorly by a Weck-cell sponge in order to avoid any contact between it and the MMC sponge ( Figure 1 ).
After withdrawal of the MMC sponge, a Weck cell sponge was held anterior to the free conjunctiva, the site of the due filtering bleb (Figure 2 ). The scleral pocket was thoroughly irrigated with 20-ml of balanced salt solution (BSS). The crescent knife was reintroduced, a sclerocorneal pocket was completed, a viscoelastic substance was injected intracamerally, and a corneotrabeculectomy was performed using a scleral punch. Peripheral iridectomy was followed by suturing the scleral wound with 1 or 2 sutures, slightly tighter in phakic eyes to prevent spontaneous flow and relatively loose in pseudophakic eyes to allow for guarded aqueous leak. The conjunctiva was closed at the limbus with one suture at each conjunctival edge. From the first postoperative day, eyes were treated with steroid/antibiotic (dexamethazone/neomycin) drops, three to six times daily, depending on the bleb injection and the reaction in the anterior chamber. In case of marked congestion, cycloplegic eye drops were administered. Patients were followed-up daily during hospitalization, 1 week after surgery and frequently during the first postoperative month, until intraocular target pressure was achieved, the filtering bleb site was not hyperaemic and there were no signs of inflammation in the anterior chamber. Topical treatment was tapered off and discontinued after 4-6 weeks. Patients were then examined every 2-4 months. Subconjunctival injections of 5-mg 5-FU were typically administered 1801 from the surgical site when there were signs of impending bleb scarring. Argon laser lysis of the scleral suture(s) was carried out when the IOP without hypotensive medications exceeded the target pressure. A modified needling of the filtering bleb associated with intrableb administration of 1-mg 5-FU followed by paracentesis via the bleb site was carried out when IOP remained elevated, as previously described. 22 
Statistical analysis
Comparison was made between the preoperative and last postoperative IOP of all eyes under study, using the Wilcoxon test. Comparison was also made between preoperative and last postoperative IOP in the firstsurgery eyes (the current filtration surgery was the first trans-conjunctival ocular surgery) and between those IOPs at the eyes with high-risk of postoperative scarring, that is, eyes that had undergone a previous transconjunctival surgery.
Results

Surgical outcome
Of the 20 patients who underwent tunnel-trabeculectomy with intraoperative MMC Z24 months earlier, 15 met the study criteria (Table 1) : Seven underwent ocular surgery for the first time and eight had previously undergone intraocular operation. Excluded were the five remaining patients: discontinued follow-up (n ¼ 4) and cataract extraction before completion of 2-years of follow-up (n ¼ 1).
Complete success was found in six (40%) eyes and qualified success in nine eyes ( Table 1 ). The mean IOP (n ¼ 15) dropped from a preoperative level of 25.377.0 mmHg with 3.570.9 hypotensive medications to 13.972.9 mmHg (45.1% drop) with 0.971.1 medication at the last examination, prescribed according to the required target pressure (Po0.0001). Of the patients' subgroups, that is, the first-surgery group and the high-risk group, the mean IOP of the seven firstsurgery eyes dropped in 40% (from preoperative level of 26.079.0 to 15.672.4 mmHg; P ¼ 0.03), while in the eight high-risk eyes IOP dropped in 49.6% (from 24.675.2 to 12.472.4 mmHg; Po0.001). Figure 3 describes the IOP changes along with the number of hypotensive medications of the two subgroups during the various time intervals (72-4 weeks).
Appearance of the filtering blebs
During the first postoperative phase, leakage from the wound site (Seidel test) was not detected in any of the eyes. The anterior chamber depth was within normal depth or somewhat shallow, with temporary touch between the peripheral cornea and the iris in three eyes (two of which in the first-surgery group). At 3 months postoperatively, 14 eyes presented with diffuse, thick and vascularized, most commonly noncongested blebs. At that time, the filtering bleb in the remaining eye (No. 4) was avascular in a large part of its wall, and elevated. Gradual, slow flattening of the diffuse blebs could be detected during follow-up in most eyes, finding that was often associated with gradual tendency towards an increase in IOP, and the need for hypotensive treatment in some eyes. The filtering bleb in eye No. 4 remained elevated and became progressively transparent. At the last examination the diffuse filtering blebs were thick and (Figure 4a, b) , in which two were flat (No. 9 and 11, Table 1 ). In another eye (No. 10) it was diffuse and mostly vascularized although with some thick microcysts, that is, cysts through which the bleb content or underlying sclera could not be seen (Figure 4c ). In the remaining eye (No. 4), avascular, cystic, elevated, transparent bleb was evident. In all eyes but one (no. 11), microcysts could be detected within the bleb walls.
Postoperative complications
Early postoperative side effects ( Patients that were excluded from the study Of the five patients who did not complete 24 months of follow-up, two had undergone initial surgery and three had a previous intraocular operation. At their last examination the filtering bleb was mildly congested (one eye, 1 month postoperatively), diffusely vascularized In comparison with earlier studies using fornix-based approach, the incidence of cystic blebs emergence following MMC-trabeculectomy seems to be higher when the flap was not-at-all or less protected: In our earlier study on mini-trabeculectomy, protection of MMC (0.4 mg/ml, 3 min) from touch with the conjunctival flap during its application, although without bleb protection during MMC washout, was carried out (same surgeon, AO). After mean of 22.176.6 months' follow-up the filtering blebs were diffusely ischemic and relatively thin in 25% of eyes, while additional eye was complicated by blebitis and endophthalmitis. Altogether, six of 21(28.6%) filtering blebs could be considered at risk of late bleb-related complications. Low and partially (number of eyes is not available) or diffusely vascularized blebs were apparent in the other eyes, but these missing data preclude statistical comparison between the studies. In the study of Wells et al, 11 in which the MMC-sponge was wrapped by the fornix-based conjunctival flap, 29% of blebs became cystic during 3-years of follow-up. In the study of Casson et al 6 , 3 years after standard trabeculectomy using a fornix-based flap, in which the MMC-sponge (0.2 mg/ml, 2 min) was held in touch with the Tenon's capsule, cystic blebs were apparent in 47% (10/21) of eyes. Anand et al 23 recently report on MMC augmented glaucoma surgery (trabeculectomy, combined phaco-trabeculectomy, or nonpenetrating deep sclerectomy; n ¼ 125). A fornix-based conjunctival flap was used in the trabeculectomy group, and MMC sponges (usually, 0.2 mg/ml for 2 min) were applied on the area of the planned scleral flap as well as subconjunctivally (using two to four more sponges). Most eyes developed bleb avascularity within the first year after surgery. In the eyes with avascular blebs, the probability of developing transconjunctival aqueous oozing with leak or without point leak was 12 and 81% at 12 months and 26 and 95% at 24 months.
However, when Wells et al used the limbal-based approach, including the wrapping of the MMC-sponge, 90% of blebs became cystic. 11 In that regard, the filtering bleb tends to become similar or more elevated and cystic following standard trabeculectomy using the limbalbased approach than fornix-based flap one even without the use of antimetabolites; that occurs also following standard trabeculectomy and postoperative subconjunctival 5-fluorouracil (5-FU) injections. [24] [25] [26] The aforementioned observations following surgery with MMC could be maybe explained as follows:
15 since a connective tissue such the conjunctiva continuously changes throughout life, coupled with resolution and production of collagen, including an expression of the tissue metalloproteinases, an intraoperative mechanical injury to the substantia propria, especially when coupled with MMC toxicity to its vasculature, 13 might reduce its potency to keep long-term tissue balance and reproduction of collagen, thus becoming progressively thinner.
Thus, the substantia propria of the limbal-based flap could be prone to both further intraoperative MMC contact as well as a mechanical injury than the fornixbased flap. As the substantia propria in the limbal-based flap is exposed to the surgical site, further mechanical injury might occur during pulling of the conjunctival flap, cleaning, or irrigating it from surgical debris, long irrigating during MMC washout (often by 20 ml of BSS), etc. A combination of mechanical tissue injury and MMC-conjunctival touch during its application and/or washout, before injury heals, together with an irreversible flap vasculature toxicity by the MMC, could be harmful to the conjunctiva. In contrast, during the fornix-based approach, the conjunctiva is pushed posteriorly. Its epithelial side rather than the substantia propria faces the surgical field, while the underlying substantia propria is less likely to be injured during the operation.
Relevant to our hypothesis, we assumed that in the fornix-based approach, backwards jets or flow of BSS-MMC towards the inner wall of the flap during MMC washout could touch the inner flap wall and thus irreversibly injure its tissue and vasculature. When BSS is irrigated through the sclerostomy towards the scleral pocket while the fornix-based flap is not protected from back-flow, conjunctival flap elevation and movements resulting from the fluid-jet may be clearly seen. Therefore, protective measures were taken to prevent the conjunctival flap from contact with MMC during application and irrigation. The tendency for relatively low incidence of mid-term vascularized vs ischemic, cystic bleb appearance between the current study and the older series with fornix-based flaps may probably be explained, at least in part, by that dual protective approach from MMC touch and the further awareness of avoiding the internal wall of the due filtering bleb from mechanical injury. It is possible that bleb protection was not complete or suffices in the two eyes in which thin bleb (patient 4) or some thick para-limbal cysts (patient 10) emerged during follow-up. A prospective controlled study with a larger series is required to verify that issue. Of interest is that Jones et al 27 are cautious in protecting the conjunctival edges intraoperatively. The antimetabolite sponge is applied under the conjunctival flap, and specially designed clamps are used to protect the conjunctival edges from touch with that sponge. In this way, healing of the edges is not inhibited postoperatively. In the present study, a Weck cell sponge was used to protect both the conjunctival edges and the substantia propria.
Susanna et al 5 report intraoperative treatment in primary trabeculectomies using 0.25 mg/ml MMC for 3 min on 15 eyes. The MMC Weck cell was applied over the episclera, without conjunctival and Tenon's capsule touch. At 12 months postoperatively, the mean IOP was 14.9 mm Hg with or without hypotensive medications, and the filtering bleb was elevated, thin and avascular in 12 eyes (80%). It was concluded that the mode of application was ineffective in eliminating the development of thin, avascular blebs in eyes that undergo primary trabeculectomy using limbal-based flaps. However, that was a limbal-based approach, and the injury to the exposed substantia propria during surgical manipulation followed the injury during MMC washout, could probably be critical.
Another theory on the progression of the filtering bleb to become cystic is the creation of a fibrotic ring, or 'a ring of steel', 27 that develops between the ischemic site of the filtering bleb and the vascularized site, which is usually located distal to the ischemic one. According to the hypothesis, the 'ring of steel' prevents a further distal aqueous flow. The ischemic site is therefore exposed to an increased intra-bleb pressure, which might cause progressive bleb thinning and leakage. However, if this is the case, the IOP should also be high. However, the IOP in eyes with high cystic MMC-blebs is commonly normal or in the low teens, and an increased IOP does not precede, as a rule, the oozing or leaking event. [1] [2] [3] [4] [5] [6] [7] [8] [9] [10] [11] During the first postoperative phase, leakage from the wound site (Seidel test) was not detected in any of the eyes in the current study. This is similar to others that use the tunnel approach, [15] [16] [17] [18] [19] [20] but in contrast to studies in which the standard trabeculectomy was used with a fornix-based conjunctival flap. 17, [24] [25] [26] The difference may be attributed to the tunnel approach, lack of scleral radial incisions and the short and tight closure of the conjunctival flap, as previously discussed. 15 This pilot study provides information regarding the association of protection of the inner wall of the fornixbased conjunctival flap from MMC contact during tunnel-trabeculectomy with a vascularized, thick bleb after 24-32 months of follow-up. Further controlled prospective studies are required to consolidate the association of protective measures from MMC touch on the prevention of late thin, avascular, cystic bleb formation and its consequences.
